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Close Approach of Asteroid 2012 DA14, Feb. 15, 2013 .’

2012 DA14

2012 DA14 passes
through the ring plane

Geosynchronous
Satellite Ring

Moon's Orbit

3-hour time ticks, times in GMT

P. Chodas (NASA/JPL)



Chelyabinsk Airburst, Feb. 15, 2013

~20-meter asteroid, 500 kt of energy released at ~30 km altitude 2



Chelyabinsk: Final Approach Trajectory
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Moon
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Ring of geosynchronous
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1-hour time ticks, times in GMT

P. Chodas
(HASALPL)



Bolide Events 1994 - 2013
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NASA'’s Current Asteroid Search Programs

Pan-STARRS-1 DARPA Space
Surveillance Telescope

&5

NEOWISE




Number of Near-Earth Asteroids (NEAS)

Number Discovered

15 000

12 500

10 000

7 500

5000

2 500

0

Near-Earth Asteroids Discovered

Al
140m+
B 1km+

most recent discovery: 2015-Jun-24
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Alan Chamberlin (NASA/JPL)

12,754 NEAs
Currently

Known
(~1200/year)

6640 are
larger than
~140m in
diameter

872 are larger
than ~ 1 km
in diameter

1596 are
Potentially
Hazardous
Asteroids
(PHAS)






Program Office Activities j@/

Jet Propulsion Labogatony
Cabfomsa Institute of Technology

cision orbits for all known NEOs

Ision ephemeris computation service (Horizons)
Body Database for all asteroids and comets, with
capability

roaches to Earth (and other planets)

risk of collision with Earth by computing impact
100 years (Sentry)

Human spaceflight Accessible Targets Study

al impact exercise scenarios
tp://neo.jpl.nasa.gov and http://ssd.jpl.nasa.gov



Office Data FlI @
gram Office Data Flow [—4

Jet Propulsion Labogatony
Cabfomsa Institute of Technology

Web Site

* elements

MPC

* observations

JPL: NEOPO & SSD

* fetch and process MPC data
* maintain OBS and ORB files
* compute new orbit solutions
* compute ephemerides

* compute close approaches

* compute impact probabilities
* maintain SBDB & web pages
* provide observer services

* close appr. tables
* risk pages

* identifications « physical parameters

* station locations
¢ initial orbits

JPL Radar
e radar obs.

Observing

Community
including
flight projects

Horizons
* clements

* ephemerides
* ephemeris files
e physical parameters

]

Flight Projects
* ephemeris files

e partials files

* covariances

C?BS C.'RB SBDB
files files




D SPAGE ADMINISTRATION http://neo.jpl.nasa.gov

h ] Near Earth dbjéé_t Program

Jet Propulsion Labogatony
Cabfomsa Institute of Technology

NEO BASICS SEARCHPROGRAMS | DISCOVERYSTATISTICS | ACCESSBLENEAs | NEWs | FAQ |
e O
ORBITDIAGRAMS | ORBITELEMENTS | CLOSEAPPROACHES IMPACTRISK | IMAGES | RELATEDLINKS

Small Asteroid 2014 EC Will Pass Earth Safely on March &
March &, 2014

An asteroid about 25 feet (8 meters) across will safely pass Earth at about 1:21 p.m. PST (4:21 p.m. EST) today,
IMarch &, appreaching us six times closer than the moon.

Full Story

Asteroid 2014 DX110 Will Safely Pass Closer Than Moon on March 5
March 4, 2014

As happens about 20 times a yvear with current detection capabiltiez, a known asteroid will 2afely pazs Earth
Wednezday closer than the distance from Earth to the moon.

Full Story

Asteroid Grand Challenge: Virtual Seminar Series

NASA iz sponsoring a series of virtual seminars on the properties of Near Earth Asteroids (NEAs) and what iz
being done to learn more about the hazards and the oppertunities they may pese for us here on Earth.

EXPLORATION
SOIENCE
FORUM

» FebtH=favidttorrisomiHASAAmesB-35ERY
. £ .

* Feb28—tindieydohnsomhHaSAHeadguarters)
HESE s S programs

= Mar 14 - Paul Chodas (NEOQ Pragram Office at JPL)
NEA dizcovery, orbit calculation and impact probability azsezsment

& Mar 28 - Alan Harriz (JPL retired)
NEA populations and impact frequency

= Apr 11 - Dan Britt (University of Central Flerida)



Impact Monitoring Systems

* Two systems now automated at JPL

SVIGIGe NASS Bortal _—l

NEOCP SCAN

Object Last modified PST ||[Number of observations||Minimum RMS||Impact probability||Flag

WEBC9DA [[2015-03-09 06:06:26 4 0.11 1.18e-05 1

WEBC9B2 |[2015-03-09 05:55:12 4 0.19 2.87¢-05 1

P10jxZ8  |[2015-03-02 15:12:06 4 0.10 1.91¢-06 1

[PlOjuAh  |[2015-02-27 11:57:26|| 8 047 ][ 770e06 | 1

* femes | [WDBBSID |[2015-02-27 05:19:21 4 049 1.06e-06 1

» nocusion d [WDBB744 [[2015-02-27 02:47:13 4 0.11 3.64¢-05 1
wenioing S| |[WDBBSDD|[2015-02-27 01:26:03 4 0.73 3.26e-06 1
fak"?m“’ f| [Plojk2C  |[2015-02-26 18:36:36 3 034 1.49¢-06 1
e " [P1OjimX  |[2015-02-25 12:45:31 3 055 4.05¢-06 1
— TCHI97  |[2015-02-23 14:51:38 5 054 5.07e-06 1
WEBC240 |[2015-03-09 06:35:24 14 025 0.00e+00 0

WEBBFCA [2015-03-09 06:03:16 7 053 0.00e+00 0

WEBC701 |[2015-03-09 05:51:04 8 054 0.00e+00 0

o.,,.c. P10jy41  |[2015-03-09 05:31:09 6 0.17 0.00e+00 0
e Pl0jy42  |[2015-03-09 05:22:48 6 0.38 0.00e+00 0
DT IWEBC9CO |[2015-03-08 04:10:45 4 0.22 9.19¢-11 0
iZIi :Z:l :: WEBC0A4 [2015-03-09 03:39:20 9 042 0.00e+00 0

201 52 |20] (WEBCS882 [[2015-03-09 03:23:56 4 027 2.92¢-08 0
2015 euts | 20f (WDBB607 |[2015-03-09 01:02:04 8 026 0.00e+00 0
WDBB697 [2015-03-09 00:48:13 8 0.40 0.00e+00 0

[WDBB764 [[2015-03-09 00:35:55]| 8 08 || 000e+00 |0

guet Pl0jxud  |[2015-03-03 04:45:20 4 034 5.07e-91 0
T — EUMO314 [2015-03-02 15:07:55 14 1.70 1.12e-11 0
101955 penns (1999 2] |[P10jy1l  |[2015-03-02 14:30:43 4 0.62 1.10e-08 0
Pl0jyla  |[2015-03-02 14:26:23 4 021 3.86¢-76 0

P10jxZ9 |[2015-03-02 07:02:58 023 0.00e+00 0

Sentry, operating since
2002, is public and scans
for potential impacts of
confirmed discoveries for
100 years into the future

NEOCP Scan is private
and scans for potential
impacts of unconfirmed
objects 15 days after
detection

12



d NEA Impact: 2008 TC3 j@/

Jet Propulsion Labogatony
Cabfomsa Institute of Technology

» Discovered by Catalina Sky Survey
at 1.25 LD, 19 hr before impact

 Within ~5 hrs, routine processing
at Minor Planet Center determined
that an impact was likely; MPC
contacted JPL and NASA HQ

* The object was clearly very small
and would likely break up on entry

13



ne, Oct. 5-6, 2008

SPL

Prapulsion Laboratory
Cabfomsa Institute of Technology

— Discovery

— #obs =15,
Pr(imp)=100%

—— #Hobs =18,

16:00 UT Neorth Sudan

—— #obs starts to
skyrocket
20000 UT

o:00UT

—— Obs. stop (eclipse)

! Moon




mpact Location: N. Sudan @
P JPL

Jet Propulsion Labogatony
Cabiorea Insstute of Technalogy

* The very first orbit solution at
JPL indicated 100% probability
of impact in North Sudan 11

e i\ | | A ¢, hours before impact

: « Initial 3-sigma impact ellipse
major and minor axes:
64 x 6 km

 Later, impact ellipse shrank to 3
X 0.3km

J ¢« Impact at a low elevation angle
~ » What altitude to define impact??

15



Site in N. Sudan [—4

Jet Propulsion Labogatony
Cabfomsa Institute of Technology

ens et al. Nature paper)



Locations of Finds 1

Jet Propulsion Labogatony
Cabfomsa Institute of Technology

32.35 32.40 32.45 32.50 32.55
E. Long. (deg)

" s best reconstructed solution (#15)
meteorite finds are 1-2 km south
h J2 moves the ground track 1.3 km south

17
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Impact Energy (MT)
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Predicted Impact Region for 2014 AA

19



Impact Scenario for the 2015 PDC “%P

avy, NGA, GEBCO
Geographer—7
ogle

-00qle earth
/ .

\ | y s
‘ImagerysDate: 4/9/2013 lat 19.908807° lon 102.81077737»9/"“élev/179m eye alt 6481.06 km O

 Discovery ~7 years before impact

« After one full year of tracking, the risk corridor still extends more than
halfway around the world

» Without time for a characterization missions, the object size remains
very uncertain: 150 to 400m




Orbit of Asteroid 2015 PDC

Asteroid orbit

Distance from
Sun varies from
0.9 AU to 2.6 AU

Orbital period is
864 days

Earth orbit
Thisis a
Potentially
Hazardous
Asteroid (PHA),
April 13, 2015: since the MOID is

! Possible Impact

Discovery 3.2 orbits after ve ry Sma”
discovery, on
Sep.3, 2022 (0.0001 AU)




Current Position Uncertainty in 2022

Earth

Asteroid
Uncertainty
Region




Uncertainty Region in 2022




Uncertainty Region in 2022




w Sun

Uncertainty Region in 2022




Design Your Own Deflection Mission

http://neo.jpl.nasa.gov/nda

‘ ) : — ‘ Dist. from Earth .
| elta-V Mode ntercept Mode ) s b Read Ove rV|eW
Time of Deflection (D): | 4| 1096 » || days i
AVA; ((jemefil(7| (0,000 | mm 23 : o
7 2 = i
AVC: ((emef(?| [0.000 | mm £ : & Start the app
7 ] = ! 4
AVN; [Jeef(}) |0.000 | ™™, E 2 ; :
£ 1 1
L 1
Simulated Near Earth Object (NEO) £ C !
v || 2 | Take a tour of the
PDC15 a=1.78i=5 e=0.49 : Orbital a ' : .
Parameters !
™ | i app using the
ject parameters 0 - !
are only applicable in = 20 . ln D ° 2015 PDC
Intercept Mode ; & ;
i : scenario
Reset Slider &'s Advanced Mode Tips 25 20 15 10 5 1]
Time Before Impact [years]
Orbit and Positions at Deflection Clear History B-Plane
3 4
Orbit Changes BP O
ava: 0.000 ™,
avc: 0.000 mm,
2 AVN: 0.000 mm,
Total Av: 0.000 mm,
Period at D: 864.071 d 2
A Period: 0.0000 s =
B-Plane Values p
_ T (zeta): 0.621R, g
20 £ (xi): -0.436 », =
- B magnitude: 0.759 r, ]
Capture Rad.: 1.420r, g
Perigee Dist.: 0.405 R, £
-1 IMPACT et
Voot 11.087 km, .
* R, = Earth Radii
-2
Earth
Earth Save Current Session — Earth Impact BQUHUE_TY
Object - 1 & 2 Earth radius miss
-3 Restore Session -4
-3 -2 -1 0 1 2 3 -4 -2 0 2 4

Deflection M, E [
eflection Map t Component [Earth Radii
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Updated Risk Corridor for PDC Fragment




Uttar'Pradesh

i

nr r (Burma)

Chhattisgarch <
Odisha

I
Telangana

Thailand
Andhra Pra(jet‘h

US Dept of State Geographer




